In fetuses, the Eustachian valve has an important physiological function, in which it directs oxygenated blood returning from the inferior vena cava to the left atrium via the foramen ovale (FO). However, after birth, an excessively large Eustachian valve can induce cyanosis due to a right-to-left shunt via the FO.
In fetuses, the Eustachian valve has an important physiological function, in which it directs oxygenated blood returning from the inferior vena cava to the left atrium via the foramen ovale (FO). However, after birth, an excessively large Eustachian valve can induce cyanosis due to a right-to-left shunt via the FO.
1-3 In addition, an association between a large Eustachian valve and right ventricular (RV) hypoplasia has been suggested in the literature. 4,5 Currently, however, detailed observation and follow-up of such fetal cases have not been reported. In this case report, we describe a case of postnatal amelioration of fetal RV hypoplasia with a large Eustachian valve.
Case
A pregnant 34-year-old woman was transferred to our hospital due to fetal ascites at 30 weeks of gestational age. 
Abstract
In fetuses, the Eustachian valve directs oxygenated blood returning from the inferior vena cava into the left atrium via the foramen ovale. If too large, the Eustachian valve can restrict right ventricular inflow, as well as induce postnatal cyanosis via an interatrial right-to-left shunt. We report a fetal case of postnatal amelioration of the tricuspid valve and right ventricle hypoplasia, despite significant right ventricular hypoplasia associated with a large Eustachian valve. Application of an appropriate respiratory management regimen to help reduce pulmonary vascular resistance is of particular importance for the reversal of the right-to-left shunt via the foramen ovale and associated increases in right ventricular inflow. direction via the FO turned to be bidirectional at postnatal day 24, before resolving to left-to-right at postnatal day 39 (39 weeks of corrected gestational age); thereafter, SpO 2 levels remained greater than 95% without oxygen administration. After discharge, he showed good weight gain and his tricuspid valve and right ventricle continued to grow, reaching almost normal size by 4 months (the T/M ratio increased from 0.60-0.84 and 0.93 on sequential studies, and the tricuspid valve Z-value increased from À10.5 to À6.5 and À4.6, respectively, ►Fig. 1). In parallel, the Z-value of the pulmonary valve increased from À1.5 to À0.5 and À0.4. Although his right ventricle retained some restrictive physiology, as evidenced by RV high early inflow velocity (E) with a short E wave deceleration time, his circulation remained stable at 22 months. He was later diagnosed with Kabuki's syndrome at the age of 1 year.
Discussion
In this case, decreased RV inflow related to a large Eustachian valve was associated with RV hypoplasia which in turn restricted RV inflow as a vicious circle. Shunt direction via the FO turned from right-to-left to left-to-right approximately 1 month after an improvement in respiratory status was observed. The size of the right ventricle and tricuspid valve increased significantly, postnatally, with monthly improvements (►Fig. 1). To the best of our knowledge, this is the first fetal case to show significant postnatal amelioration of RV hypoplasia in a patient with a large Eustachian valve. The Eustachian valve is a normal physiological structure that is not typically associated with any clinical problems. However, there are several reports showing that a large Eustachian valve induces cyanosis via right-to-left shunt at the FO level after birth.
1-3,8 Right-to-left shunt via the FO seems to be mediated by a large Eustachian valve and causes reductions in RV inflow. Such dynamics were demonstrated by vector flow mapping 9 during the early neonatal period with a right-to-left shunt via the FO (►Fig. 2A). Mapping revealed a vortex in front of the large Eustachian valve, suggestive of blood returning from the inferior vena cava draining into the FO and left atrium (►Fig. 2, B and C). RV inflow is synergistically reduced by restrictive RV physiology induced by tricuspid valve and RV hypoplasia. The reduction in RV inflow can also be assessed by the blood distribution of fetal circulation. 10 In normal human late-gestation fetuses, when total cardiac output is 100%, both blood entering into and ejected from the right ventricle are 56%. In the blood returning from the inferior vena cava (41%), 21% entered into the right ventricle via the tricuspid valve and 20% into the left atrium via the FO. 10 In an extreme simulation, if all the blood entering into the right ventricle from the inferior vena cava (21%) entered the left atrium via a large Eustachian valve, the blood entering the right ventricle would be reduced from 56 to 35%. Real RV inflow blood volume in our case is likely to be between those values, and such a reduction in RV inflow can potentially induce tricuspid valve and RV hypoplasia. Once the tricuspid size and RV compliance are decreased due to RV hypoplasia, the resultant restrictive physiology reduces RV inflow via a detrimental feedback loop. Although restrictive RV physiology usually causes dilation of the right atrium, inferior vena cava, and hepatic veins, such changes, were not observed in our case due to a nonrestrictive FO. Instead, transient postnatal hypoxia and a large Eustachian valve that induced RV hypoplasia were observed, in our case, consistent with previous reports. 5 Postnatal marked amelioration of prenatal tricuspid valve and RV hypoplasia seems to be a new observation. The clinical course of past reports alongside this case indicates that improvements in respiratory condition that greatly affect pulmonary vascular resistance, an afterload of the right ventricle, are particularly important for an amelioration of the right-to-left shunt via the FO. Such effects of RV afterload on clinical conditions are well understood by ventricular-arterial coupling, 11, 12 in which reduction in afterload without changes in preload, contractility, and end-diastolic pressure volume relation increases stroke volume. In addition, to keep similar stroke volumes, reductions in afterload decrease ventricular diastolic pressure. Thus, in cases, such as ours, application of an appropriate respiratory management regimen to help reduce pulmonary vascular resistance is of particular importance for the reversal of the right-to-left shunt via the FO and associated increases in RV inflow. Despite postnatal amelioration of a hypoplastic right ventricle, some restrictive RV physiology was still observable; therefore, careful long-term follow-up is required.
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